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PROBLEM TO BE SOLVED: To provide a method of forming an insulating 
film having high reliability and a forming system. 

SOLUTION: A gate insulating film 104 of a MISFET 100 consists of a silicon 
oxide film 106, a silicon nitride film 107, and a high dielectric constant film 
108. The silicon oxide film 106 and the silicon nitride film 107 are formed by 
microwave plasma processing using a radial line slot antenna. 
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««ft3ft. NF. *3RiS«4*>6ftijB^*' 
x75X-7©^"i;>7a-HJtc«itft3ftS. cct. N 
F, «. 3 0 sc cinT-tftteSft*., X^Xv 

*0. NFs^ftt. Cft6-7i>*JU«4©fiB3ltc4"K: 

7 9*7i?*;i^*^tfX^X-7R®KA 

[0056] ±S2©«J: 9 tC}^3 ftfcX5 X ■> * 
/>W<D&ffi4«*frr«&. ^^^WoaiiKti. S i t 
N4H4F40<b4^tfl8l (»«|(C«JBW3ft-C(,>3tt 
l»> Ai^fiESftS. C©BI«. ^x^WSrl OOW. 

(S iO t @) «. 7"7X7©y9>7q-Kj:»JK* 
3ft-5. 

[ 0 0 5 7 ] tit. smum (sio.B) ifimvi 

(7J?*W Cfttcj;*). S«(*Bi«*5£ 
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[005 8 J »ftftia:a.-v f- 1 9tt. vVThvA^ 
XU-y hT>f-i- (Radial Line Slot Antenna: RLS 

a) sao^xva&Hgs-ca*. mttem^- -j y i 

vfclgfeS-ii. cw^Xvtcfc*). i"Ja>SflO 
l<DRIi*:BKtU isVal/gtftftl 06£Jft£?- i. 
[005 9] B4IC, ^kJftS^-f h 1 9<DKrffii*J3 

H4(c5j*-f Jr^tc. BrtfcAMar.-^ h l 9tt. 
BSHia^O^ + ^5 ISAM.*. ^ + >^5 ltt. T 
*5 -9 A3ttt»6«tJfc$ftTl>3. 
[ 0 0 6 0 ] * f 5 1 rtSP<D«f*fc«, tt*5S(*-C 
<«T. >)*aW) <D«8«^5 2#K 
aSftTI,**. S88-ft5 2JCtt, H^Oft«r»iaS8ai53Wrt 

gfi-eoo-ctoiiijsfcsft*. 

[006 1] * + >;<5 1 ©miltctt. *SB£5 2<C>± 
MitatflSIDiSSK, «^tt05 3#Kt*6*rCi>*. 

i e ±mmi>x*.*z. y-h'ov'72 4€>mtmMt> 

»AUiD5 3 4^l,-C. $*^W©»AttJ**fTfcft*. 
[00 6 2] * + >;<5 lOJgSWCtt. SPSIS5 4©- 

a&tf&fcsft-cfco, n&#>7m<mfmm 
;<5 m». mgesa. M*tx. 4. opa-o. i 

3kPa <30raTo r r-1 To r r) ©EAiCSS 

[ 0 o 6 3 ]*• + >;< 5 l er>flJ8»_L:mctt > #*4I8&« 
5 6*igftwe>ft-a,>*. */x&te«5 6« t 

(O a ) ^385 7. *5R (H, ) #X)S5 8*J.fctf7 
*=f> (Ar) #*iS5 9{c&fci*ft-a>5. tfx&te 
«5 6». * + >/<5 lCOttJSO^I^fCfS-or. «*. 
W. l 6 t>Wiic*mic&s&$ti-Ci.>Z. c<D<fc5«:teH 
;?ft-SC£CCJ:*h #*#«&«5 6 ft 
tt. 3KSft 5 2±©-)x ^W<D±^{cJ^F(C«f & 3 ft 

[0 0 6 4] * + >^5 14>J:flUCft, BBP8 0;WftW 

e>ftt<,>&. rape oooftttKctt. &e i#&»6*vt 

&6 1 tt. Hjitttttt. WA« . S i O, 

RVtivT^ S i, N« . N a C 1 , KC 1 . L i F. 
CaF,. BaF. . Al.O, . A1N, MgOSci' 

-fUMKiJK iKVWt^Vf^. #yx*U>. 

K a^MSSft-cus. 

[0 0 6 5 ] S6 l©±tcti. ffl*tt, =5 ¥7^=7 J Is 
XP»>7>ft <WT. RLSA) 6 2*i|9:W6ftX 
RLSA6 20l{C(t Sffl««jStaiJ6 3 (CffitS 
3hfc«iSK6 4#'aW6ft-C^-5. »iftK6 4». R 
L S A 6 2 ICT«*SttS ft&WFtt PHBMNft* 6 5 
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<t> HflJi»58m6 5(!!>±ffi«:-4SS*t^^$nfcFlf95ia« 

awe e i . RSffiinspg e e (Dimittm* ft fcpi« 

3«S£&S6 7 i. PI«A9iti^ft»6 7©ffliJIB«:iB^«: 
-Sa#«M8i*ft, te8*iiS®««iS8B6 3K&tt;*ftfc 
3EB^!»iS«6 8 t. *>6»/5){3ft-C<,>4„ RLSA6 2 

[0066] pqtSS«««6 6 ©f*Jg|5CC«, prafcssm 
6 9*«H3ftTt>4. |5!tt*«?g6 9«:. 
«fc"J*S«a5*t*6^»). -e©-«8*SRLSA6 2c?)± 
10 ffi<DHtitt»*R:l8l83ft. flfi«B**R(gfS5S?« i g6 6©± 

[0 06 7 ] 05KRLSA6 2O!>¥ffia«:mr. & 5 
&C7jVTJ:5&C. RLSA6 2J*. BI^R±tCK»6ft/c 
aao^O?h62a, 6 2a. •••**9tcff*.&. & 
XD»h62a ttB8#JB<DSji V fcSfC A «J . Bft-r £ 
Xn 7 (.62ai'^ U»5l»{cB3?L>TBBT<D3t^*«$ 
BWSi'XCfiBaSft-C^-S. xa?h6 2a©S3^> 

&&mmt. n^«jaais6 3 j: o u fcH6jsaB<Difi 

StC|£CT98g3ft-Cl»-6. 
20 [0068] »ja&*iS8B6 3tt, 2. 45G 

HzOV^Oi*, W^tf. 5 00W-5 kWCD^ 1 ; 

astt. ^^ees^jEBB-e-K-ceaisfti. $ 

F*>^n«*- KtciEiftSft. ra?*- FrnnsswiK 
seetcesiSfti. v^^a««. nWMttt 
se 5tc-catfe>ft/tttJS-re^3ft. rlsa62© 

XQ> h6 2 a JcOflUHSfta. fiJcS*3ftfc-7-Y^rJ<ffi 
«. S£6 1 *jS«LT*i'>'<5 I*Ci»ASft2>. 
30 [0 069] *t»<5 Hf5E©»SE^CC3n 
■CtJ*). ^*«l6«f56*^. Ar, 0* toJrC*!!* O 
S^J5/*3W, 09*1*. Ar/O, /H, =10:1:1 
* + >;<5 lrttC«l#3ft*. S6 1*i»aL/c-7 

i» Piste* o ; f -f w< 5 1 ^©jg^^tcSf^jffix 

*jm*-*s{SgSft. fl5JSifi^^Xv*s^TS. C<D 
f». ^umiRLSA6 h62 a 

■5. CCr. RLSA6 2 ) S:SC>'CmfiR3ft57 r ^X-7 

*©tgtta«. 0. 7~2 evm&oitt&mzut 

40 4. COJcSK. RLSA62K JcftM!, fSttOthtStt 
iS^*«C 7?XvmMifi*S$.Z ft*. 
[0 0 7 0 ] ^(KSftftiiiSffilS^^Xv-sCDIBRtCJ; 

fc^-^XvitKO. ArW»A#, ^x^NWifeiiiOi/iJ 

ott-^i&ww^-rs. ihic. sum (o> 

S i is i -o*s^*^fS. coj:^k:u-c. i^y 

3>S«<D^ffi*sSMk3n. ^Bntc. lnm~ 
50 [0 07 1 ] C<D(8. H, *»6«^iHv^/7Jl/{.t. 
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[0 072] &it!&m*~ vb20tt. SKtMlax v 
\-\%b.W&G>. RLSA3S©^X^«iS!iSR-C* 
4. tttfe&xx? h 2 0 TB. mMHaiv h 1 9 
kCid^XBJS.i tltcf a >mt& 1 0 6 ©fEBB©-S& 
*S*t L . f y 3 >3<t« 1 0 7 iB&? S. 

[0 07 3]iWii^2 0B. 03ic^TH<b 

^■;H 9 KJR (0, ) #*©ttto9 

(C. 3JR (N, ) tfx*JH»«£-?ft&. flHtjuwc* 
l>r. Ar, N, 4aJ:i>'H, ©atetfX*. flfl&t*, A 
r/N, /H, =10:1: 1 ©tfc*TJ?H»<&. ftfc. 

*<. NH, . N. O. NO. NO, «€HbvCtJ: 

c o o 7 4 3 mtmm*- vvzo w-?? x-?!mK. 

(S i O, JB) tt. *§f£<t<**i;fcA r ^i^WDfEffltc 
J:»K Si -OIS^*J^JWtSn-5. 3S>tc. SBR**/* 
J:»)*fiJtbte^SR (N) «ttUfcC©S i 

<tlS-&TSCiCC«ti). S i -NI££a*£«tT*. C© 

£5 (cur. sa©^y3>H^kBi©-siJ*is<t3n 

X, 0. 5nm-6nm©">U3>S{tBI <S i N> 9 

[007 5] CVDai^ h2 ltt. mtMSVtfcZ 
ft. S i NJflU 0 7*jM3ftfc9x"W®ftif±ic. 
«§$«3!ISl 0 8. CtTtt. (Ta, O 

. ) «*»Rtr.5. H8{C CVDii» h2 l©»fBi 

[0076] metC^r * ^fc, CVD^-;h2 1 
tt. «Rl«tK©*+:"<7 0 ? + >^70 

7"*7 1 #RW6ftTl>*. 

[0 07 7] ftW<7 0O±»KB. tt7"*7 1i 
— K7 3#3a*f *>*Vtt.>*. W7 >»K73K 

a. ^#*^*^>**S6RSft-a»*. 5a-ffl^« 

[0 07 8] Ta, o» e*«5is-rs*wctt. «as# 
xb. fiat*. i o o -c~2 o o •ctcDa&SMtbfcwa 

(Ta (OC, H, ) • ) i, BMfctt#*Ktf*#«:£ 

«. r^rJ^tfxi. ft-a**., cftp.©aa 

BflWi:. ^»rg£5ft-cW7 — - 

? F7 3ici*Ai*ft. ^fitt&p7 2*€.C»x^W©^ 
ffl:£f*(C0«&3ft*. ■ 

[0 0 79] Viz? $7 1©JSHK«. fflao^^^Jl- 
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?L7 5 ^t^i"- h 7 e^iBMsnx^ 

•5. J/t9-^» F7 3*»6**»<7 0rt(Cft|ftSft 

ft^<7 0 ©TBIHCtt. SF£l#- h 7 7 #J»»H:W 6 
<VCt,»£. SttM<-h7 7«. /^7t-*:>»7 8CC 

^7oi*){c{ta63n/c5!/x«. -sitfssft. cntcj: 

•3. 7 0(*i©JI;*7tcfcJ— l$#{#*>ft-s. 

[0 08 0] ;<-,7y-i:>?7 8«. 
10 >{CSE«3nT^-5. gf»7>f>«, ja»>J07**« 
*. **>/<7 0rt*m5E©E:*J. M*tf. 0. 13k 
Pa ( 1 To r r ) K595t*S. 

[008 1 ] iJ-fe?** 7 1 ©T^tC«. EZkZffrhttZ 
SS7 9*^Lr. J]OJ»£8 0#B383ft-Ct><5. 
8 0«:tt. /Npy>^>^©ffl«l^>7 r 8 1**88®,* 
fttl»*. affi»^>^8 1©. ,«7 9^L/fc ; ?>^)lU 
fUMCJtD. tf*:/*7 1 (*5<fcCJ f * + >'<7 OrtSH) 

«. i?ri©aa. 3oo-c~eoo-cjciS5£i**i 
a. 

20 [0 0823 ?^>^7 o©«JS«:«. ■y-fe7i»7 1 £ 

««|5jgfi©iSS<*Jc. 9iAmp8 2#ta:W6ft-ct,>*>. 

«Att}P8 2». y-FA^2 4^0t. 02tS^ 
Si 6Cc8Hft£4vC(>>&. V-bJW72 4(DWBmK. 

[0 0 8 3] ±ia»^©CVDai,r h2 ltCfeti-C. 
Wttf. CVDteHB. 09^. tf. lO^SKtfton. ^ 
{tiSfSi-f h2 0KTfSK3nfcS i NS1 0 7± 
JC. Witf. 1 nm-2 0nm©«8«*g| (Ta 2 O 
30 « JB) 1 0 8*5Ji5JS3*a^. 

[0084] r--;V^- vh2 2{*. 9 
h 1 9 ©»fij{4W^--5. T ^-JUa^ -^2 

2K*Jt>r. 1 {crfiaS3*l/cSiSI?8 

*H i&m&M&B&m) 1 0 8©T--Jb (iSS) 

-TJtcto^. ^A^tftlHRl 0 8*K#*nim 

tm (^axh+^K) a*©^* (c> iKsR^>x 
vtfcsjfcs-ii, co. co, ^tUTi^*-rs. cn 

fcaH©iSv>JR^«*Jffi 1 0 8^1?,^. 
40 [008 5] rx-JWiiu' vzztcxm^hti 

3.x v H 9CC*lW-S^iS^l:ki«S%4*)©it'-C 

[0086] ?h23B. mm*- •» 

©. ffe©&axx ^ h i U-CjSfflojfiU^iRffl^ ■» h t? 

50 [0087] WT. ±8fifll0i©y- h»»J« 10-10$ 
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fiSi'Xf-A i o £jB^fcy- ymm i o 4 oBjgfim 

[0088] *T. Fl"f>«ffll 0 2*J«fcU ! y-*SB 

isu 0 3#«jS3ftfc9x^w*flj.«-rs. cnsc? 
si 3±{cisasti4. 

(0089J SSlft&tttftl 5tt. hCrtCfx 

ft. 3f2»ggi 6t««®csE*fci93esn*. -e© 
a. y-h^r2 4*»wnsa3n. ai2»j§«*2 5 

n- Fn? *aij h 1 7 art>69*^W=feftOtH 

-f. 

[0 0 9 0] J82lfij3t8ffll2 5Wt. ■Jx^x^^ 
ya-* h 1 8(C*AU ffl£&2 8±K«SrS. * 
©». y-h^^2 4»BBIft3*a. x.y*>?3.-y 

F 1 8«>nttU> Bf3E©HE?)K:SK£;5ft*. 

[0 0 9 1 ] H 8{C*JUT. N» i 

H» tNF, iH*4^7Xv^®y>»7ti-% 20 
JB<.*fcX9*>4'*iffi>fl«. CftfCtO. 9*<"W& 
S«c««S3*ari,»&a«S8Mb« <S i O. £) «ISfe£S 
ft*. PUSfc. ->*/>W«ffi©5x';a> (Si) 
©*>*■; Kfctt, (H) #*S£U 

fclBMUiBfiKSft*. 

[009 23 x«>*>y«tH©& t 

1 8 <DF*93Sti. fS2Hmm 1 6 itilJISJOJI^CCSSe? 
ft*. m^-C. V-YW?2 4imi&Zin. #2»i£ 

*J!fttB3n*. 30 
[009 31 9 ftl^r. StftJfiS^- » F 1 

gjesen*. m2mmm2 5». ewtMii^xv f 

1 9rt©*£fi£5 2±«:«S3ftS. *©«. y-F'< 
il/^2 4«BK«Sti. Blftft«a~? h 1 9©f*j3Btt??i 
}£©IE*J{cS»gSftS. 

[0 09 4]a<t»Ia-5'H9W, RLS AM"? 

vXvum&BHc* *). fix i o i <Dwm<ot& 
immfitotiz. cn{c«t»). i";=o3«i o i©#* 

Mft. Wittf. 1 n m-2 0 n nUDf U 3 >K<t8ta*Jfc 

40 

[0095] mtMMvtk* mtmm^ »msom 

8»i. »2tBiSSl Si^BSIDlEJjtCKSSft*. & 
y-hAjU5 , 2 43&iBS»#fi. ®2»S»#2 5 
(CJ:*). KA^Ilax* F 1 9fr69*^W#»tH;*ft 
*tC. «2iKS1Mt2 5tt. 9*/xW*3ft#9£A 
x-, h2 0©tWt»A-r*. 9*^W©«Att. f- 
F/<;l^2 4ttffltftSft. aftftffltix? f-2 0©|*33|5 

«W3e©BE^j{cia3e s ft s . 

[0098] g-ft&if ? F 2 OTIt RLS AM? 

7Xvjaasis«c j: o . i^'ja >«« i o 1 <omm<om so 
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itfmnt>tiz. cntcti i"ja>i*ffcig©*uie# 

«, 0. 5nm-6nm©i"Jri>a^tiai 0 7*JJf?R£ 
3ft*. 

[0097] stta&acoift. sft&sxx ? h 2 o©f»? 

SBtt. S82»B££l ea*«|i!IOE2KCi95g3ft*. tt 
1>T\ y-h/^^2 4*ii8ttSft, J&2»j2ftt«2 5 
tcj:*]. S<fctea3.-7 H2 0*>69 *^W*JtBtt<xft 

4. 3l2ifii§«*2 5tt. 9*^W4CVD^-- 
^21 ©rtSBKiftA-r*. ^xaWO»A«, y- h 
/W:/2 4tiMM3ft, CVDa-^2 KDrtSWifTr 
5g©ffi*fCi9S£3ft5. 

[0 09 8] CVDai, 1-2 CVDfetcJ: 
•3. i";a>^kJflll 0 7©±K. iftSI«$Kl08. 

Wt* >*^J0S*<Jf5fK3ft£., KSim^l 0 
8tt. Witti. 1 nm~2 Onm©/f S-CJ^fiSESftS. 

[009 8] CVDifiS©!*. CVDaivF2 1©rt 

l^r. y-h/<Jl/^2 4ZHPB»Sft. ^2»S«fil2 5 
KJ:«3. CVDai, h2 1*69 *^W*JJRW3ft 

-» h2 2©rtaB{Cl8A-r-5. 9*^W©MA». 

h 2 4 «HIR3 ft. Ti -JW J- x „ h 2 2 ©l*Jffl 

[0 1 0 0] Ti-*ai> l-2 2T». 

ft5. T&fc^, ffix*^¥>-©W«^y7Xv«:ia 

[0101] r--Jl/«aa©«. 7i-*a- ?h22 
©rtSW*. m2«UHSl 6<t««ISJi;E^lC88!S$ft 

5. m^X. y-h^^2 4*JMS)(3ft. »2JBi2l« 
«2 5{C,t»). T--;P^-f h2 2*»69*^W#l9 
HiSfti. ^fC, »2»i§«fll2 5W. 9*^W*n- 
pB»*as> M 7btcj6ftAfS. ->x^W£DftA 

a, y-h-»^y2 4ia:BB«fi3ft. o-kw9*.i.--, 

H 7 b ©W»tt» 1 Sftb^i DE^JKS^S n 

[0 I02]«i>r. ^i»a£««H 5tt. a-KrJ^ 

^1 3±©#-fe? KCKlRS-r-S. «±©ig-c. i' 1 ; 
3>M<tJBI10 6 4. ->ya>aftKl 0 7i. ftli$«6 
$0 1 0 8 t, frhKhV- YWm. 1 0 4©^fi£XP8 

[0103] ±&©f!J6©J$£K:lS6ft-r. 

[0104] J;2^*k©J^fiStt:isW4i ^> a. s» 

h 1 8 (Ommt— WC» ^w©^ifiCOK6i3 ft 

fcgaSUHtfll (S i O, JS) «aMWtcRt«lTffi«ctlliS 
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-C*m*t©<fc j 5fc«l&T*oTfcJ:i,\, *fc. CVD 
YZ l©f*Jfcfc-0!lr'*D. S i NBLBcBtft* 

> * juk*^ a*itf£<D J: ^ fcfltoJtr * 

[oio5] i&smvMmzu. * ? ? h 
i8*att. $*^wsB©g«s«<bH*i$*-rs*>© 

( aaiHtia) *.as©s<,^ y a >mtm i o e tee w 
[0106] ±fanHi©^S8fciB«,»r. BMfcBtfftiSis 

Tfc«fcO. jglft. xfr-rtvY. $±14©«£j!>»e.. fa 

[0 1 0 73 ±i2Htt<D#S8Ttt. K^tiaaa- 9 h 1 
9 . gffcAftfla- 9 h 2 0 <fctf T^-^:*- ? h 2 2 20 

fS&tiZi>OtLtt. CCT. RLSA6 2*<fct«*» 

lie 44*js-r**m». ■?<a>0®.<D&muxzw*. 
zitto. m^oyjs^Ai , cu. Ag/cu^5*b 

4. 

[ 0 1 0 8 3 W^SfBe 4^©5»AP©I*»# 
tt. Wtt«8SK 6 4 rt©^? A tf u&t&MSmicMm J: < 

ISl3A©*5tcHe5tcWTtcW*P»£$Art*ft 30 
t. Xtt. EffiT#&©i5KHfflCC2BKi*Ar3* 
A*vfcJ:<r>. W*Dj8©itfif7EFiSj©xPs> b 

mmtt. ««&g© i /2 1> b < « i /4 mure* 

CO 10 9] S&icSfc. 2. 4 5GHz©jKg©W 
*o»*«l>t. ««&^X-7 -est©,!: I, 

tc ctucmz?. vjtummr&mt* o. 

8 GH z -2 0 GH z (DmmfrhmgmtRtZC tifi-C 

[0 1 1 0 3 *fc. ML Sffc3?fc:JBl».&#Xtt. ±12 40 
©*>©KfR£*i&<r>. mtf. A r ©*>£><)«:. Xe. 
Ne, Kr, H e««Hfe®#:V;**J1il>Tfc <fct-». U*> 
L. MRB'^0?j''-&7*IV*.''3O t S i O, ©*££* 

$fc. SftJCfe^TJ*. Ni ©fl&CC. NHs . N» O. 
NO. NO, f ©Sf^W^tWit^J;!,*. 
[0 1 1 1 3 *fc. ±12iB£#*©jg£it4>. Jbta©*> 
© (Ar/N, (O. ) /H, =10:1:1) {C(R6 
r. WAt*. N, (O, ) . H» Offtttt**tv?*i. 
0. 0 5~5©«Jfflrt-C^<t3-tt-CbJ:^. 36K:. -i> 50 



#W2 0 0 3 - 6 8 7 3 I 
18 

x"ffl& 5ltSE*«©SJt^fl:{CBgL-Ct). JJBWe 
-5fc©-C*o-CfcJ:t>. 

[oi 123 ±^tS©0®r«. r--*ai •» h 2 
2(ct\ RLSA§B^7Xviaa8|g*ffii,»-riSsi«4! 

K*©&**l»*T4fc©£Lfc#, 7--Acl-»|. 
h 2 2 tttitfc1l&<D£*<. BiftS?©«*»RRBlfli-C* 

[01133 ±ia^»©«!8«c*ju-c. mmr- bt&m 

m 1 0 4 ©«TJf©Ktt. i"Ja >MtR l 0 6 1 Utc 

irc*-»rfejit>. c©«£. MIM*~' n ok 
*j(,»-c«ffl-r*^©«a*seii.iitfj:i». mx.i*. •> 

!la>«k (S i N) MT**itf, SJR**^©K*D?)«: 
3*#X*JB<.>. KS<fc (S i ON) «r*hll, 3 6 

[oi 143 ±ssmn<mntc^ fsmmmsn io«i 

Or. MM <&«> *S=6fl9C»4fc©tOfc. 
CVD^fCfcO^l/fcS i C. S i N9*»6fc-5, flb 
©*t*ffll>r*>J:l». C©«^. RLSAT^XvKJ: 

*>e©^»<B)©i"J a >SSflH^©l?#tfeW*l!* <-«<!: 

[01153 ±gaSUfi©lKS-C». MISFET100 

oy-mio6tt. ^y^y3>/pe>«tfiJiiT2>€>© 

[0 1 1 6 3 ±&m<mttoVit. MI SFET 1 00 
©y-M&BBl 0 4*JBfi)«-*«>©iL/c. L*>L. 

^©i«i«©«s«{ca«-r s c tansnfcr* 4. 
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